Membrane voltage and neurotransmitter regulation of neuronal growth cone motility.
The neurotransmitters serotonin and dopamine inhibit growth cone motility and neurite elongation of specific identified neurons of the pond snail Helisoma. Similarly, experimentally evoked action potentials inhibit motility of these growth cones. Here we explore the possibility that the motility- and elongation-inhibiting actions of serotonin and dopamine derive from the electrophysiological responses of the respective neurons. Evidence of three types in support of this hypothesis is presented: (1) Only those identified neurons for which motility is inhibited by serotonin or dopamine respond to the transmitter with sustained electrical excitation. (2) The magnitude of the electrical excitation response correlates with the degree of inhibition of growth cone motility. (3) The injection of hyperpolarizing current enables motility to continue as in the absence of transmitters. We conclude that membrane voltage is an important level of control of growth cone motility, at which neurotransmitters exert a regulatory influence.